Abstract: As in many transition economies, Vietnam has experienced a multiple exchange rate system with three exchange rates having co-existed. This paper uses the Vector-Error-Correction model and the Granger tests to investigate the relationship between the official and black market exchange rates from January 2005 to April 2011. The results confirm a long-run relationship between the official and parallel market rates of the Vietnam dong against the U.S. dollar. The short-run dynamics of two exchange rates suggest that the official exchange rate causes the black exchange rate, but not vice versa. This conclusion is valid for both a sub-period of stability and a sub-period of vibrant fluctuations, with February 2008 as the cut-off. The findings also reject the efficiency hypothesis of the black market for foreign exchange and support the policy choice of the State Bank of Vietnam not to follow black market signals in managing official exchange rates for macroeconomic stability.
Introduction
The exchange rate system in Vietnam has experienced different episodes due to macroeconomic fluctuations and changes in exchange rate policy following the economic reforms in the late 1980s. This includes a period of free floating in early 1990s, and a pegging system during 1993-1996. A de jure "managed floating" regime was declared by the State Bank of Vietnam (SBV) in 1999, although a stability of a nominal official exchange rate was observed in the sub-period of 1999 -2007 . From 2007 , there were important changes in exchange rate policy, typically more frequent devaluations towards greater flexibility of the nominal exchange rate.
Under prevalent foreign exchange controls, distorting official market exchange rates, there have been three exchange rates co-existing in Vietnam: a central or reference rate determined by the central bank, a commercial bank exchange rate in the official market, and a parallel market exchange rate.
The theoretical foundation of the multiple exchange rate system in general, and particularly the parallel or black foreign exchange markets, was vigorously studied in 1980s (Dornbusch 1986; Huh et al. 1987; Koveos and Seifert 1985; Nowak 1984; Phillips 1988; Pinto 1988) . Agénor (1992) provided an extensive review on the modeling approaches to analyse the operation of the parallel exchange rate system with three major perspectives: the "real trade" approach, the portfolio balance or currency substitution approach, and the monetary approach.
However, studies on the effects of black markets were not paid sufficient attention for most of the 1980s, in regard to analysing stabilization and liberalization policies. In the 1990s, some notable studies that focused on the effects of devaluation and stabilization policies in the presence of black markets were Agénor (1990) ; Ghei et al. (1997) ; Kamin (1995) ; Lizondo (1991); and O'Connell (1995) . Phylaktis and Kassimatis (1994) looked into the long-run dynamic relationship between black and official markets for seven Pacific Basin countries over the period of 1974 to 1989. The evidence showed a constant long-run black-market premium, as well as black-market rate adjustment to eliminate the deviation from its long-run value. The speed of adjustment varied, depending on the financial development of the country. In addition, there was evidence of weak-form inefficiency in the black markets. Similarly, evidence against the standard portfolio theory of black-market behaviour was found in the work of Moore and Phylaktis (2000) in a number of major Pacific Basin countries, over the period of January 1974 to June 1992. In contrast, Diamandis and Drakos (2005) investigated the long-run dynamic relationship between official and black-market exchange rates for four Latin America markets-namely, Argentina, Brazil, Chile, and Mexico. Their findings indicated a constant black-market premium for each country, which was taken as strong support for long-run informational efficiency between the official and black markets for foreign currency. In addition, the evidence of short-run predictability showed the optimal arbitrage by rational economic agents, rather than the violations of market efficiency. Research by Yunus (1997) analysed the dynamics between the official and parallel market exchange rates in five South Asian countries. While the evidence showed a strong long-run relationship between the two rates, evidence of a direct causal relationship between the two rates was very weak.
Finally, with regards to the macroeconomic stabilization policy, Pinto and Kharas (1989) used the assumption on a rationing mechanism to discuss the experience of Bolivian and Pinto (1991) to examine the inflation experience of African countries. They presented an explanation for the dynamics of high inflation based on policy rules governing depreciation of the official nominal exchange rate in the presence of high black-market premia. It showed a common rule-of-thumb that reducing the premium on foreign exchange in the black market, by depreciating the official exchange rate towards the black-market rate, could permit hyperinflation. The fundamental need was to coordinate fiscal and exchange rate policy in either attempting to minimize black market premia or lowering inflation.
In Vietnam, there have been a number of studies looking at the parallel exchange rate of the country, as mentioned in the introduction. To the author's knowledge, however, the causality between exchange rate in this market has not been investigated adequately, either as an individual case study or cross-country study. The latest study was conducted by Bui (2014) using a two-stage, least-square model to conclude that the official exchange rate also positively affected the parallel market exchange rate with a 1 percent devaluation of the official exchange rate, bringing about a 1.33 percent devaluation in the parallel market during the period of 1995-2007, suggesting that the SBV's efforts to reduce the market premium would not be successful because devaluation in the official market would lead to depreciation in the parallel market. Our current study covers the later period until June 2011, which includes the episodes of frequent devaluations so as to be able to verify the previous claims and policy suggestions.
Parallel Foreign Exchange Market in Vietnam
The exchange rate system in Vietnam has experienced different episodes since the country started its "doi moi" economic reforms in 1986. The first episode of free-floating accompanied the period of macroeconomic stabilization in the late 1980s, followed by a pegging system in 1993-96. The financial crisis in Southeast Asian economies in 1997 also caused the State Bank of Vietnam (SBV) to devalue its currency. Since 1999, a de jure managed float regime was declared by the SBV, although noticeable stability of a nominal official exchange rate was observed in the sub-period of 1999-2007. The band for official exchange rate fluctuation was kept unchanged at ±0.25 percent from July 2002 until December 2006. As a result, the exchange rate regime in this period was classified to the category of conventional pegged arrangement, effective from 1 January 2005 according to the IMF de facto classification (IMF 2006) . The rate of depreciation was announced by the SBV governor to be within 1 percent. From 2007 to 2011, there were important changes in the exchange rate policy, typically being that more frequent devaluations towards greater flexibility of the nominal exchange rate had been In particular, starting from late 2007 and early 2008, the SBV started widening trading bands for commercial bank foreign exchange transactions, from ±0.5 to ±0.75 percentage points in December 2007, then to ±1 percentage points in March 2008. Tensions in foreign exchange markets were intensified by inflation pressures in the first half of 2008 due to an upsurge in prices of oil and food all over the world, amongst an overheating domestic economy. The inflation rate at the end of the year 2008 was recorded at a very high level of 20 percent. Since October 2008, the economy also had a sign of an economic downturn following the outbreak of a global financial and economic crisis. The foreign exchange market also showed signs of instability. Constant episodes of devaluation, twice in 2008 (June and December), once in 2009 (November), and twice in 2010 (February and August) and February 2011, notably followed several "fevers" in global gold prices and a large gap between the official and parallel market rates. The value of the Vietnam dong had lost 5.4-5.7 percent annually form 2008-2010 in nominal terms. The largest devaluation of 9.3 percent was in February 2011. Takagi and Pham (2011) showed that the regime had shifted from a basket peg to a simple U.S dollar peg following the global crisis in 2008-2009. Soaring inflation rates, in combination with VND depreciations, have earmarked this period with lots of macroeconomic turbulences. Exchange-rate bands were also continuously extended to ±5% in March 2009, which then shrank to ± 3% at the time of devaluation in 2011. The IMF in early 2009 classified the exchange rate system of Vietnam for 2008 as the "other managed arrangement", which was then reclassified as "stabilized" against the U.S. dollar, effective from 1 January 2009 (IMF 2010).
Dollarization and Inflation in Vietnam
Under the central bank's exchange rate management policy and foreign exchange controls, there have been three exchange rates co-existing: a central or reference rate determined by the central bank, a commercial bank exchange rate in the official market, and a free or parallel market exchange rate. Although the exchange rate premium of the two markets has not been very high relative to many Vietnam (1990 Vietnam ( -2011 . Source: Nguyen and Duc-Tho (2009) and Bui (2011). In particular, starting from late 2007 and early 2008, the SBV started widening trading bands for commercial bank foreign exchange transactions, from ±0.5 to ±0.75 percentage points in December 2007, then to ±1 percentage points in March 2008. Tensions in foreign exchange markets were intensified by inflation pressures in the first half of 2008 due to an upsurge in prices of oil and food all over the world, amongst an overheating domestic economy. The inflation rate at the end of the year 2008 was recorded at a very high level of 20 percent. Since October 2008, the economy also had a sign of an economic downturn following the outbreak of a global financial and economic crisis. The foreign exchange market also showed signs of instability. Constant episodes of devaluation, twice in 2008 (June and December), once in 2009 (November), and twice in 2010 (February and August) and February 2011, notably followed several "fevers" in global gold prices and a large gap between the official and parallel market rates. The value of the Vietnam dong had lost 5.4-5.7 percent annually form 2008-2010 in nominal terms. The largest devaluation of 9.3 percent was in February 2011. Takagi and Pham (2011) showed that the regime had shifted from a basket peg to a simple U.S dollar peg following the global crisis in 2008-2009. Soaring inflation rates, in combination with VND depreciations, have earmarked this period with lots of macroeconomic turbulences. Exchange-rate bands were also continuously extended to ±5% in March 2009, which then shrank to ±3% at the time of devaluation in 2011. The IMF in early 2009 classified the exchange rate system of Vietnam for 2008 as the "other managed arrangement", which was then reclassified as "stabilized" against the U.S. dollar, effective from 1 January 2009 (IMF 2010).
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The U.S. dollar has also been used as a means of exchange; despite the prevailing foreign exchange regulations forbidding the use of USD for commercial transactions domestically, a large amount of Economies 2018, 6, 68 7 of 20 foreign currencies has been used for many payment transactions in a parallel market. The relative size of the parallel market to the official market is not small, though precise measuring is impossible. Nguyen (2006) (Mai 2007) . Similarly, the interbank foreign exchange market was even smaller in terms of market turnover compared to the foreign trade volume at only 0.6-0.8 percent, compared to 4.8 percent in Thailand and 14 percent in Hong Kong in 2007 (Nguyen and Duc-Tho 2009 ). This fact suggests that a substantial proportion of international trade could be conducted without going through the official foreign exchange market.
There was often some kind of intensified administrative control to scrutinize the operations of the parallel market for foreign exchange, which seemed to be more vibrant-such as the police intervention of the parallel market in Hanoi and Ho Chi Minh city in March 2011 following the largest devaluation in the month before, or the intensified inspection for foreign exchange at all border checkpoints in the past (Vo et al. 2000) .
Methodology
The data used for the following analyses and tests includes monthly series of the official (reference) exchange rate from the State Bank of Vietnam (SBV) and the official rate which has been defined as the average inter-bank exchange rate at the SBV transaction floor of the previous day since 1999. Meanwhile, the data on parallel or black market exchange rates come from different sources. The selling price of the U.S. dollar was quoted at major gold shops in Hanoi and Ho Chi Minh city, the two largest business centers of the country. This information is available in local newspapers and websites, typically http://vnexpress.net/gl/kinh-doanh and http://currency.vn. Data were recorded on a daily basis in order to calculate the monthly average. This data is reliable in the sense that the SBV used it to publish parallel exchange rates before 2000, which was collected from the same source. Data on commercial bank rates is available, especially from the Joint Stock Commercial Bank for Foreign Trade of Vietnam (Vietcombank), but we preferred not to use that data in most of our tests since it was regulated within the exchange rate bands which were also decided by the SBV in different periods of time.
To perform the analysis, monthly data of official and parallel exchange rates was compiled from January 2005 to April 2011 based on daily series. They must have been subject to the availability of unofficial parallel exchange rate data, since the VEC model does not allow for missing data. We selected the starting point of 2005. This is the year that the IMF classification of Vietnam's exchange rate system turned into a conventional pegged arrangement (IMF 2006) , and the Foreign Exchange Ordinance was promulgated by the Vietnam's National Assembly, recognizing a full convertibility of the current account. Meanwhile, March 2011 was chosen because it marked the point in time where there was a more "tranquil" latter half of 2011 in the foreign exchange market. It was also a time of preparation for a new Governor's term at the SBV. Table 1 provides some statistical characteristics of the data set. The whole period of study is broken down into two sub-periods, with February 2008 as the cut-off point to differentiate the period of fairly stable exchange rates, and the later period with more vibrant exchange rate fluctuations. This was also a time of major change in exchange rate policies in Vietnam. From early 2008, the SBV started to widen the exchange rate band to 1 percentage point following more frequent devaluations, changing the classification of the exchange rate system from "conventional pegged" to a "managed" and "stabilized" arrangement. Figure 3 clearly shows the difference in the performance of multiple exchange rates in Vietnam between the above-mentioned two sub-periods. In the period preceding March 2008, the means of the three exchange rates are shown to be very similar, and their movements, as shown in Figure 1 , are very close because the exchange-rate band regulated by the SBV was a very narrow 0.5-0.75 percentage points from late 1999 to early 2008. The small standard deviations of all three rates also indicate minor fluctuations. Conversely, the later period starting from March 2008 provides a different picture of the foreign exchange market in Vietnam, with higher volatility in all three rates and a larger premium of black-market rates, in comparison to official rates and commercial bank rates. The premiums in between the means are calculated at 5.6 percent and 2.6 percent, respectively. The difference between the official and bank rates in the later period is clearer due to the wider exchange-rate bands allowed by the SBV during that time, from 1-5 percent.
Since exchange-rate series are usually non-stationary, we needed to test for this property first before adopting the methodology of the Vector-Error-Correction (VEC) model. This model was used by Azam (1999) to test for causality between the official and parallel exchange rates. The model's technique included several steps, such as testing for stationarity, testing for cointegration, and then running the Vector Autoregression (VAR) model.
We also performed for Granger causality tests between the two exchange-rate series using the vector-autoregressive VAR model (Greene 2003) to find the impact of short-term changes in the parallel exchange rates on the short-term changes in official exchange rates, or vice versa, besides the error-correction term. Causality, defined in this sense, was inferred when lagged values of one exchange rate had explanatory power in a regression of another exchange rate on its own lagged values, and which provided information to predict another exchange rate. This Granger causality can be tested for a two-way relationship between the official and parallel rates.
To perform an analysis of causality, we preferred to test the causality between the official reference rate announced by the SBV and the parallel market rate, while ignoring the bank rate. The reason is that reference rates reflect a policy variable, while the bank rates' movement strictly follows the band set by the SBV. Figure 1 shows that the two official exchange rates tend to have a long-run co-movement, suggesting co-integration. However, the behaviour of the two exchange rates appears to be non-stationary. This needs to be confirmed by formal tests for stationarity.
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To perform an analysis of causality, we preferred to test the causality between the official reference rate announced by the SBV and the parallel market rate, while ignoring the bank rate. The reason is that reference rates reflect a policy variable, while the bank rates' movement strictly follows the band set by the SBV. Figure 1 shows that the two official exchange rates tend to have a long-run Economies 2018, 6, 68 9 of 20 co-movement, suggesting co-integration. However, the behaviour of the two exchange rates appears to be non-stationary. This needs to be confirmed by formal tests for stationarity.
Phillips-Perron tests are performed to see whether a variable contains a unit root. As suggested by Ashworth et al. (1999) , when the parallel market may contain structural change, the Phillips-Perron tests can be considered to be more appropriate than the augmented Dickey-Fuller tests. The tests have been done for two exchange rates, as well as the price indicator, or consumer price index (CPI) for our later analysis on the relation between exchange-rate volatility and price stability. Results in the upper half of Table 2 indicate that we cannot reject the null hypothesis that the two rates and CPI contain unit roots. The transformation into logarithm also does not help to reject the null hypothesis. Logarithmic forms of the two rates and CPI are also non-stationary. However, first-differencing the two exchange rates as well as their logarithm forms bring opposite test results. The lower half of the table shows that first-difference variables are all stationary at a 1 percent significant level. In other words, the null hypothesis that differenced variables contain unit roots has been rejected with very low p-values. A graphical presentation of the differenced variables is shown in Figure 4 . In summary, the two series of exchange rates and price indicator are integrated of order 1, I(1).
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Results

Long-Run Cointegration or Equilibrium Relationship
Figure 1 in the above section shows that the two exchange rates tend to have a long-run co-movement, which may cause spurious regression in time-series analysis. Johansen's framework with the VAR approach was used to estimate the cointegrating rank in Stata software. This test can identify whether there exists a cointegrating vector or linear combination between the two exchange rates, meaning that the two rates have a long-run equilibrium relationship. Table 3 summarizes the test results for five different model specifications, with respect to constant and trend in co-integrating equations data in level forms. We tested the hypothesis on the maximum number of rank or co-integrating vectors. It was found that for three among five specifications, there is a unique co-integrating vector (specifications 1, 2, 5). No conclusion can be made on the remaining two specifications with trends, since we cannot reject either the null hypothesis that there is no co-integrating vector, or the hypothesis that there is one co-integrating vector at most. Therefore, the long-run equilibrium relationship between the official exchange rate and black market exchange rate can only be confirmed in three out of five Johansen's specifications without time trends. In such cases, it is possible to estimate the co-integrating relationship, as well as investigate the short-run dynamics of the two rates. 
Short-Run Dynamics and Causality
In this section, we specify the VAR model, taking into account the long-run relationship observed from the above analysis. Suppose there are two I(1) time series, Xt and Yt, which are cointegrated by the cointegrating vector [1, −θ], then the term (Yt − θXt) presents equilibrium errors. The error terms need to be stationary I(0) so that we can estimate the so-called VEC model and examine the short-run dynamics of the relationship between Xt and Yt (Greene 2003) . Table 4 summarizes VECM estimates and the estimated long-run (cointegration) relationship between logarithms of official and black-market rates for three specifications without time trends. Cointegration equations should be read from the lower part of the table. For example, with the specification (1), the equation is logOER = 0.69 + 0.93logBLR. In all three specifications, the coefficients of logBLR (logarithm of black-market rate) are statistically significant at a level of 1 percent. The absolute value around unity suggests a one-for-one long-term association between the two rates. The lower part of Table 4 presents estimation results for error-correction equations, with the correction error representing the rate of adjustment from short-run deviations to long-run equilibrium. All variables in the VEC model are in first-difference form. For example, D_logOER is the first difference of the official exchange rate in logarithm. The negative number 1 in parentheses after the variable names represents the number of lags (by one period). We used the Schwarz Bayesian information criteria (SBIC) and Hannan-Quinn information criteria (HQIC) to pick up the optimal lag. With all data in monthly frequency, we allowed a maximum of 12 lags, and lag one was picked up for the model with the lowest HBIC and HQIC. In each of the three specifications, we present a pair of dynamic equations of the error-correction type. The dependent variable is on the top, with estimated coefficients on the left columns and standard errors on the right columns. The asterisks indicate levels of statistical significance for each coefficient.
On one hand, the three equations with D_logOER as the dependent variable show that black-market exchange rates have no significant impact at all on the official exchange rate. The only factor which has a meaningful impact of the official exchange rate is the correction term. On the other hand, equations with D_logBLR as the dependent variable indicate that the official rate significantly affects the black-market rate in all three specifications, both via the error correction term and the short-run impact term, D_logOER (−1). These results suggest that the black-market exchange rate actually follows the official exchange rate most of the time during the period 2005-2011, though with a lag. In other words, one might say that the official policy rate led or caused the black-market exchange rate. The magnitude of the effect is also consistent across specifications with coefficients around −0.62 to −0.64. This means that, on average, and with all other things equal, a 1 percent depreciation of the Vietnam dong in the official market can cause the black exchange rate to appreciate by 0.6 percent one month later. This means that market expectation is actually formulated based on the change in policy variables, i.e., the official devaluation or appreciation.
In addition, the first coefficient of each regression model representing the speed of adjustments in the error-correction terms are all negative and statistically significant. With these correct negative signs, the model specifications are all plausible. It implies the convergence to the equilibrium of each exchange rate with respect to their past deviation from the equilibrium. Their magnitudes are very similar, ranging from 0.1-0.15, suggesting a fairly equal rate of adjustment of both exchange rates, around 10-15 percent of the deviation from the long-run equilibrium within one month. In other words, it takes about 7-10 months to restore the long-run equilibrium.
Furthermore, one might suspect the causality, as well as the difference in magnitude, of effects between the two exchange rates in two sub-periods, since their behaviour and co-movements are not similar in the two time periods. Table 5 shows the VEC estimates separately for each time period, though only for specification 1 as an example. The same results can be observed in two sub-periods as those in the whole period in Table 4 . That is, the black-market rate shows no influence on the official rate, while the short-run variations in official rates reaffirms its significant impact on the variation of the black-market rate in both sub-periods. However, the sign of the coefficients is noticeably different. In the dynamic equation of D_logBLR for the first period, the coefficient of a lagged first difference of official rate in logarithm is 1.137, while it is −0.0723 in the later period, suggesting an opposite direction of influencing. This result helps to explain why the two rates have a very close profile in the first period, whereas the later period shows a larger exchange-rate premium. At the same time, and unsurprisingly, co-integration equations in both periods are similar because they both indicate a long-term relationship of the two rates. Regarding the speed of adjustments, we found a difference between the two sub-periods. While the coefficients on correction-error terms for the official rates have correctly negative signs, those of the black-market rates have positive and insignificant signs. As suggested in the literature, this is caused by a structural break, which is clearly the issue of our analysis. In the later sub-period of more exchange rate volatility March 2008-April 2011, the results indicate that the adjustment to the long-run equilibrium is done by the official exchange rate, with a higher speed of 16.3 percent. This means that it would take about 6 months to restore the long-run equilibrium.
Our above conclusion on the causality between the official rates and black-market rates can also be further tested by applying the Granger causality Wald tests. Since the short-run variations are of particular interest, after excluding the long-term co-integrated relationship, the first difference for each exchange-rate series in logarithm were used in the Granger test. The test results are shown in Table 6 . For the first specification, it shows the whole period of January 2005-April 2011, as well as in each sub-period. ** and *** correspond to the levels of significance of 5% and 1%, respectively.
The chi-square statistic, and its corresponding p-values in D_logBLR equations suggest that we can reject the hypothesis of weak exogeneity for the official exchange rate, implying that there is a significant Granger causality between deviations in official rates and deviations in black-market rates from their long-run equilibrium. This is true for the combined period, as well as for each separate sub-period. Conversely, non-Granger causality of the black-market rate to official rates is observed. In summary, test results from different econometric analyses come to the same conclusion that the short-run causality is from the official exchange rates towards the black market rates, but not vice versa.
Dynamics of Inflation with the Parallel Exchange Rates
This section analyses the link between the CPI and parallel exchange rates. Figure 5 shows the time profile of the official exchange rate, black-market rate, and price level in logarithm. The profiles are clearly divided into two sub-periods of different patterns in early 2008. The price level does not seem to go together with both exchange rates before 2008, but a more apparent co-movement can be identified in a later sub-period where both exchange rates seem to follow the inflation rate, with there being lags most of the time. Before 2008, the premium is small, but also very stable. Over the sub-period of January 2005-February 2008, the average premium is as small as 0.2 percent, with a standard deviation of 0.4 percent. The chi-square statistic, and its corresponding p-values in D_logBLR equations suggest that we can reject the hypothesis of weak exogeneity for the official exchange rate, implying that there is a significant Granger causality between deviations in official rates and deviations in black-market rates from their long-run equilibrium. This is true for the combined period, as well as for each separate sub-period. Conversely, non-Granger causality of the black-market rate to official rates is observed. In summary, test results from different econometric analyses come to the same conclusion that the short-run causality is from the official exchange rates towards the black market rates, but not vice versa.
This section analyses the link between the CPI and parallel exchange rates. Figure 5 shows the time profile of the official exchange rate, black-market rate, and price level in logarithm. The profiles are clearly divided into two sub-periods of different patterns in early 2008. The price level does not seem to go together with both exchange rates before 2008, but a more apparent co-movement can be identified in a later sub-period where both exchange rates seem to follow the inflation rate, with there being lags most of the time. Before 2008, the premium is small, but also very stable. Over the subperiod of January 2005-February 2008, the average premium is as small as 0.2 percent, with a standard deviation of 0.4 percent. The opposition between the two sub-periods can also be clearly described by Figure 6 , showing the fluctuations of the exchange-rate premium in the parallel market (in percentages) and monthly inflation rate. In the later sub-period until April 2011, the premium is larger, with an average of 5.6 percent, as well as more varied, with a standard deviation of 3.5 percent, reaching the peak of 12 percent at the end of 2010 and January 2011. This sudden switch is probably due to the change in the SBV's exchange rate policy, with official devaluations taking place more often and there being a wider exchange-rate band, within which bank rates were allowed to adjust the reference rate, as mentioned in Section 2. The opposition between the two sub-periods can also be clearly described by Figure 6 , showing the fluctuations of the exchange-rate premium in the parallel market (in percentages) and monthly inflation rate. In the later sub-period until April 2011, the premium is larger, with an average of 5.6 percent, as well as more varied, with a standard deviation of 3.5 percent, reaching the peak of 12 percent at the end of 2010 and January 2011. This sudden switch is probably due to the change in the SBV's exchange rate policy, with official devaluations taking place more often and there being a wider exchange-rate band, within which bank rates were allowed to adjust the reference rate, as mentioned in Section 2. Economies 2018, 6, x FOR PEER REVIEW 15 of 20 Figure 6 . Parallel market premium and month-to-month inflation rate.
In the same manner, inflation is under control in the first sub-period. The month-to-month inflation rate is often under 2%, with even some episodes of deflation. A surge in price level started a bit earlier in December 2007 when the black-market exchange rate was even lower than the official rate. Inflation accelerated in the succeeding months, attaining the peak of 3.6 percent in February 2008, then 3.9 percent in May 2008. This situation led to an official devaluation of over 2 percent in 27 June 2008, narrowing the premium of almost 11 percent in the same month. A similar pattern and linkage can also be observed in early 2009 and late 2010, before there was an official devaluation.
The above observation can be tested using econometric analysis. The Dickey-Fuller stationary test shows that the CPI series is non-stationary I(1), and the inflation rate is stationary. We presented an error-correction mechanism of a dynamic relationship between exchange rate and price level. The optimal lags are also identified by the same information criteria, HQIC and HBIC. The longer leglengths in this model than those in previous models of the two exchange rates implies that it takes more time for the shock in exchange rates to influence price changes. Literature on the exchange rate pass-through in Vietnam also suggests a period of 6-10 months (Van Minh 2009). Table 7 indicates that in both sub-periods, there is a short-run linkage between the official exchange rate and price level, with a significant coefficient at 5 percent and 10 percent, respectively, for each sub-period. In the first sub-period, there seems to be an immediate effect, whereas there is a lag of 5 months for a change in official rate to realize effects on price level in the later sub-period. However, there is no statistically significant causal linkage from price level to official exchange rate, since this rate is a policy autonomous variable determined by the central bank. In addition, there is a strong long-run positive association between price level and official rate from 2008. In the same manner, inflation is under control in the first sub-period. The month-to-month inflation rate is often under 2%, with even some episodes of deflation. A surge in price level started a bit earlier in December 2007 when the black-market exchange rate was even lower than the official rate. Inflation accelerated in the succeeding months, attaining the peak of 3.6 percent in February 2008, then 3.9 percent in May 2008. This situation led to an official devaluation of over 2 percent in 27 June 2008, narrowing the premium of almost 11 percent in the same month. A similar pattern and linkage can also be observed in early 2009 and late 2010, before there was an official devaluation.
The above observation can be tested using econometric analysis. The Dickey-Fuller stationary test shows that the CPI series is non-stationary I(1), and the inflation rate is stationary. We presented an error-correction mechanism of a dynamic relationship between exchange rate and price level. The optimal lags are also identified by the same information criteria, HQIC and HBIC. The longer leg-lengths in this model than those in previous models of the two exchange rates implies that it takes more time for the shock in exchange rates to influence price changes. Literature on the exchange rate pass-through in Vietnam also suggests a period of 6-10 months (Van Minh 2009). Table 7 indicates that in both sub-periods, there is a short-run linkage between the official exchange rate and price level, with a significant coefficient at 5 percent and 10 percent, respectively, for each sub-period. In·the first sub-period, there seems to be an immediate effect, whereas there is a lag of 5 months for a change in official rate to realize effects on price level in the later sub-period. However, there is no statistically significant causal linkage from price level to official exchange rate, since this rate is a policy autonomous variable determined by the central bank. In addition, there is a strong long-run positive association between price level and official rate from 2008. *, ** and *** correspond to the levels of significance of 10%, 5%, and 1%, respectively.
There is also a noticeable difference in the speed of adjustment between the two sub-periods. In the sub-period of exchange stability, we do not find a significant adjustment toward long-run equilibrium for both official exchange rate and CPI. In contrast, during the sub-period of exchange rate volatility, it was the official exchange rate that corrects about 10 percent of the deviation from the long-run equilibrium within 1 month.
The relationship between black market exchange rate (or premium) and price level CPI (or inflation rate) is also examined using the same technique. We found a long-run association between price level and black exchange rate with a positive significant coefficient during the second sub-period but not in the first sub-period. However, a short-run causal relationship from the price level to black exchange rate can be identified before 2008. At 10 percent significant level, an increase of 1 percent in price index would cause to a rise of 0.05 percent in black market exchange rate. This fact is fitted with the currency substitution effects where people buy more foreign currency in the black market in order to hedge against domestic inflation, pushing up the exchange rate in that market.
However, no vice versa effect is identified because the price of imported consumption goods is mainly based on official exchange rate rather than the black market rate. In the later period from 2008, although the error-correction mechanism does not confirm a short-run causal relationship between CPI and black exchange rate, a Granger causality test shows that the price level significantly Granger causes to a change in black market rate with a positive and instant effect of 1.5 percent for each increase 1 percent in price level as shown in Table 8 . Similar to the adjustment to long-run relationship between exchange rate and inflation we also identified the black market exchange rate correct the short-run deviation at the rate of 9.5 percent within a month to restore a long-run equilibrium. *, ** and *** correspond to the levels of significance of 10%, 5%, and 1%, respectively.
Discussion
This paper used monthly data on the official reference exchange rate and the black (parallel) market exchange rate in Vietnam for the period January 2005 to April 2011 to test for the existence of a long-run equilibrium relationship between the black and official exchange rates between the Vietnam dong and the U.S. dollar. Econometric analysis confirms that the two exchange rate series are co-integrated, and there is an almost one-for-one long-run stable association between the two rates. Investigation into the short-run dynamics of the two series reveals that the official reference rate in the inter-bank foreign exchange market managed by the State Bank of Vietnam actually caused the black-market rate. Meanwhile, the black-market rate has no significant influence on the policy variable, says the official exchange rate. This result was shown to be consistent through two methods: the vector-error-correction model (VEC) and the Granger causality test. It was also especially true for both sub-periods: from January 2005 to February 2008, with fairly stable exchange rates in both markets; and the later period from March 2008-April 2011, with more volatility and a larger exchange-rate premium. To the author's knowledge, this type of conclusion drawn from an econometric analysis has not previously been available for Vietnam's multiple exchange-rate system. Therefore, this present study justified the SBV's actions in managing the foreign exchange market, and also rejects complaints that the central bank was not pro-active enough in controlling foreign exchange-rate fluctuations since 2008. It is also not evident from our analysis that the SBV even followed parallel market signals causing disturbance in the foreign exchange market for U.S. dollars in Vietnam.
The conclusion we made here is in line with findings from other studies for developing countries. For example, Odedokun (1996) confirmed that the official exchange rate caused the black market rate in 18 African countries during 1980-91. Agénor (1991) also found that the official rate caused the black market rate in 12 developing countries. On the other hand, the results of this paper also contradicts with other findings. For instance, Apergis (2000) showed some statistical evidence that the black market rates Granger-caused the official rate in Armenia in the period of November 1993 to April 1994. Baliamoune-Lutz (2010) used the VEC model, estimating monthly data from Morocco to reject weak exogeneity in the case of the official exchange rate, but failed to reject the test for the black market exchange rate, supporting the efficiency hypothesis of the black market.
The results from this study could be a contribution to the policy debate over exchange-rate management and reforms toward a unified foreign exchange market in Vietnam. Taking into consideration the link of a multiple exchange rate system with inflation, the study shows that in the case of Vietnam, it is the official exchange rate which can lead to an inflation rate, because the majority of international trade goes through the official market. Meanwhile, there is no significant feedback of inflation or change in price level onto the official rate. Combining this with the first conclusion on causality between the two exchange rates, it seems that the official rate is an autonomous policy variable directed by the SBV. On the other hand, the black market exchange rate is influenced by changes in the price level, mostly due to the currency substitution effect, where people want to hold more foreign currency to hedge against domestic inflation.
These conclusions can be beneficial to the Vietnam government's goal in macroeconomic stabilization. Since May 2011, until more recently in 2012, a more stable foreign exchange market in Vietnam has been observed, which is even considered as being "almost unification". It can be considered as the results of a wise exchange-rate management policy of the SBV over that period. The official exchange rate needs not to be indexed to the parallel market rate in order to keep the exchange rate premium low. Instead, the movement of official exchange rate should be regarded as a signal for market expectation formulation. Furthermore, the unification of the exchange rate system is not simply about a catch-up between the two rates, but as suggested in literature, it is a problem of choosing an appropriate exchange regime consistent with underlying fiscal and monetary policies (Pinto 1988) . 
